Frailty older adult dietary cluster prospective study
of protein were associated with higher risk of frailty 6 whereas a higher consumption of fruits and vegetables was associated with a reduced risk of frailty in a dose-response manner. 7 However, people do not eat single nutrients, or foods and nutrients may have additive, opposite, or synergistic effects, which encourages study in combination. 8 Hence, dietary patterns that represent a combination of foods may be better associated with disease risk than single foods. 9, 10 However, few epidemiologic reports have investigated the association between dietary patterns and frailty to date. 5 Most of them were interested in dietary patterns based on a priori hypotheses, such as the Mediterranean diet, and reported a significant reduced risk of frailty among elderly people with greater Mediterranean diet adherence. 11e13 Unlike a priori patterns, a posteriori dietary patterns are derived independently of any prior hypotheses on beneficial or harmful effects of diet on health and reflect actual dietary intakes observed in a given population. 14 Studies on the relationship between a posteriori dietary patterns and frailty in older adults are still few. 15e17 To our knowledge, only two prospective studies examined this relationship to date. 15, 16 In the Seniors-Study on Nutrition and Cardiovascular Risk in Spain cohort, a higher adherence to a "prudent" pattern, characterized by high intake of olive oil and vegetables, was associated with a reduced risk of frailty after 3.5 years of followup. 15 In a Chinese cohort, no association was found between dietary patterns and 4-year incident frailty. 16 These two studies analyzed the risk of frailty over a relatively short follow-up period, whereas the possible (deleterious or beneficial) effect of dietary habits on frailty could be a long-term effect. We propose to investigate the relationship between a posteriori dietary patterns that were previously derived by hybrid clustering method 18 and the risk for frailty and its components over a long follow-up period (ie, 12 years), in older adults aged 65 years and over from the Bordeaux sample of the Three-City (3C) Study.
Methods

Study Population
The study was conducted in the Bordeaux sample of the 3C Study, a prospective cohort study of vascular risk factors for dementia that included 2104 community-dwelling people in Bordeaux, France, at baseline in 1999e2000. Individuals aged 65 years and over and not institutionalized were eligible for recruitment. The protocol of the 3C Study and baseline characteristics have been detailed previously.
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This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human individuals were approved by the Consultative Committee for the Protection of Persons participating in Biomedical Research of the Kremlin-Bicêtre University Hospital (Paris). Written informed consent was obtained from all participants.
At baseline, the standard data collection performed by trained psychologists included sociodemographic and lifestyle characteristics, medical history, neuropsychological testing, a physical examination, and blood sampling. Five follow-up examinations were performed, 2 years (wave 1, 2001e2002), 4 years (wave 2, 2003e2004), 7 years (wave 3, 2006e2007), 10 years (wave 4, 2009e2010), and 12 years (wave 5, 2011e2012) after baseline examination. At wave 1, in addition to the usual follow-up, participants answered a comprehensive dietary survey, including a 24-hour dietary recall and a detailed food frequency questionnaire, performed by trained dieticians. Frailty status was available only at baseline, waves 4 and 5, which limited the present analysis on data from baseline to wave 4 and wave 5.
Among the 2104 participants from Bordeaux included at baseline, 1474 were nonfrail and had available data for diet. We excluded 17 participants with prevalent dementia (as they were at higher risk of frailty, and they may have modified their diet because of their disease). Thus, the initial study sample was constituted of 1457 participants. Among them, 293 deceased between baseline and wave 4. After exclusion of 181 participants with missing data about frailty in waves 4 and 5, and 11 participants with incomplete data for covariates, 972 participants (336 men and 636 women) were included in the present analyses.
Frailty
According to definition of Fried et al, 1 participants were classified as frail if they met three or more criteria among the following: (1) unintentional weight loss; (2) exhaustion; (3) low energy expenditure; (4) slowness; and (5) weakness. Weight loss was defined in our study as the self-reported unintentional loss of 3 kg or more recently. In case of missing data, this criteria was considered as fulfilled if body mass index (BMI) was <21 kg/m 2 . Exhaustion was defined using two items of the Center for Epidemiologic Studies Depression scale. 20 Respondents were considered as exhausted if they answered "yes" to at least one of the two following items: During the past week, "I felt that everything I did was an effort" and "I could not get going." Low energy expenditure was defined as reporting no engagement in physical activities (strenuous leisure activities or sport). Slowness was ascertained using the RosowBreslau Health scale. 21 Respondents were considered as slow if they answered "no" to the 2 last Rosow-Breslau Health scale items: "walking between 1.6 and 3.3 feet" and "going up and down a flight of stairs." This proxy has been shown to be strongly associated with walking ability. 22 Finally, weakness was defined using the chair stand test at baseline and wave 5 and by the weakest quartile stratified by BMI and sex of the handgrip strength ascertained by dynamometer at wave 4. The chair stand test was shown to be a good proxy for handgrip strength. 23, 24 Respondents unable to complete the respective physical performance tests were included as slow and as weak.
Dietary Clusters
Among participants from the 3C Bordeaux cohort who answered the dietary interview at wave 1, we previously characterized five sexspecific dietary clusters by hybrid clustering method. 18 The clusters have been described in details in a previous publication from our group. 18 Briefly, among both men and women, the most frequent cluster, labeled "small eaters" (31.4% in men and 31.0% in women), was characterized by a lower intake of all food groups and lower daily energy intake. The second most frequent cluster, labeled "healthy" (24.3% in men and 24.8% in women), was characterized by higher fish intake in men and higher fruits and vegetables intake in women. Moreover, we identified a "biscuits and snacking" cluster in both sexes (8.8% in men and 15.0% in women), which grouped individuals having frequent snacks, biscuits, and cakes, and a slightly higher energy intake. The fourth cluster was a "charcuterie, meat, and alcohol" cluster in men (14.5%) and a "charcuterie, starchy food, and alcohol" cluster in women (24.7%). Finally, a fifth cluster included frequent "pasta" eaters in men (21.0%) and "pizza, sandwich" eaters in women (4.5%).
Other Data
Baseline sociodemographic information included age, sex, education (in four classes: no or primary school, secondary school, high school, and university), monthly income (in four classes: refused to answer, <V1500, V1500eV2250, and !V2250), and marital status (in two classes: married and divorced/separated/widowed/single). Participants underwent an extensive neurologic testing for dementia and an independent committee of neurologists made dementia diagnoses using the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition criteria. Height and weight were measured and BMI was computed as the weight/height squared ratio and expressed in kg/m 2 . Multimorbidity was defined as combining at least two self-reported chronic diseases among: hypertension, diabetes, hypercholesterolemia, angina, cardiac rhythm disorders, cardiac failure, arteritis, myocardial infarction, asthma, Parkinson disease, dyspnea, osteoporosis, and thyroid diseases. Global cognitive performance was assessed using the Mini-Mental State Examination (MMSE). 25 Depressive symptomatology was defined as a
Center for Epidemiologic Studies Depression score !23 for women and !17 for men (maximum score is 60).
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Statistical Analyses
All analyses were performed separately in men and women as dietary clusters were sex-specific.
We described the five dietary clusters based on baseline sample characteristics and compared clusters using t-test or analysis of variance for continuous variables and c 2 test or Fisher exact test for categorical variables when appropriate.
Cox proportional hazard models were used to assess the association between a posteriori dietary clusters and the risk of frailty with age as the underlying time scale and delayed entry. As our data were interval-censored, the age at frailty onset was imputed using the age at midpoint of the interval between the diagnosis visit and the previous one. Participants who were never considered as frail were censored at their last follow-up visit. The "healthy" cluster, which we hypothesized to be associated with the lowest risk of frailty, was chosen as the reference category. In multivariate analyses, sociodemographic variables (marital status, education level, and income) were entered first (model 1), then health-related covariates (multimorbidity, BMI, depressive symptomatology, MMSE) were added to models (model 2). BMI was categorized into sex-specific tertiles to verify log-linearity assumption. In women, Cox models were stratified on marital status as the proportional hazard assumption was not verified for this variable.
Finally, we reran fully-adjusted Cox proportional hazard models with each frailty component as outcome in participants who did not fulfill the studied frailty component at baseline.
The level of significance was fixed at a ¼ 0.05 for all analyses.
Statistical analyses were performed with SAS Statistical package release 9.3 (SAS institute Inc, Cary, NC).
Results
Sample Characteristics
The study sample was constituted of 972 nonfrail nondemented participants at baseline, including 336 men and 636 women. Their age at baseline was 73.2 (standard deviation 4.6) years, and the length of follow-up was 11.7 (standard deviation 0.6) years, on average. Over the follow-up, 78 (2.2%) men and 221 (3.6%) women became frail.
Among men, 30.1% were classified in the "small eaters" cluster, 6.0% in the "biscuits and snacking" cluster, 26.8% in the "healthy" cluster, 14.3% in the "charcuterie, meat, and alcohol" cluster and 22.9% in the "pasta" cluster (Table 1) . Dietary clusters were significantly associated with marital status, BMI and multimorbidity at baseline (P ¼ .001, P < .001 and P ¼ .04, respectively).
Among women, 32.1% were in the "small eaters" cluster, 12.3% in the "biscuits and snacking" cluster, 26.3% in the "healthy" cluster, 25.3% in the "charcuterie, starchy, foods" cluster, and 4.1% in the "pizza, sandwich" cluster ( Table 2) . Dietary clusters were significantly associated with marital status and income at baseline (P ¼ .02 and P ¼ .03, respectively). Note. Bold values are statistically significant P < 05. CES-D, Center for Epidemiologic Studies -Depression Scale; SD, standard deviation. Multimorbidity !2 chronic diseases among hypertension, diabetes, hypercholesterolemia, angina, cardiac rhythm disorders, cardiac failure, arteritis, myocardial infarction, asthma, Parkinson disease, dyspnea, osteoporosis, and thyroid diseases; depressive symptomatology defined as a CES-D score !23 for women and !17 for men.
*"<V1500" and "V1500e2250" categories were grouped together and "Don't want to answer" was not considered for c 2 test.
Dietary Clusters and 12-Year Risk of Frailty
In men, compared with the "healthy" cluster, the "pasta" cluster was significantly associated with a higher risk of frailty in multivariate analyses [hazard ratio (HR) 2.2; 95% confidence interval (CI) 1.1e4.4 in the model adjusted for marital status, education level, income, multimorbidity, BMI, depressive symptomatology, and MMSE; Table 3 ]. In contrast, the "biscuits and snacking," "charcuterie, meat and alcohol," and "small eaters" clusters were not significantly associated with the risk of frailty. Furthermore, the global test for risk difference across all clusters was not statistically significant at the a-risk of 5% (P ¼ .09 in the fully adjusted model).
In women, the "biscuits and snacking" cluster was significantly associated with a higher risk of frailty compared with the "healthy" cluster (HR 1.8; 95% CI 1.2e2.8 in the fully adjusted model). Other clusters were not significantly associated with the risk of frailty. As with men, the global test was not statistically significant (P ¼ .13 in model 2).
Dietary Clusters and Risk of Each Frailty Component
In a secondary analysis, we examined the risk of each frailty component based on dietary cluster. In men, 43 (1.2%), 67 (2.3%), 117 (3.8%), 76 (2.5%), and 148 (7.6%) new cases of weight loss, exhaustion, weakness, slowness, and low energy expenditure, respectively, were observed. In women, these are 60 (0.9%), 171 (3.2%), 285 (4.9%), 218 (4.0%), and 325 (11.0%) new cases, respectively. When examining each frailty component separately, dietary clusters were significantly associated with the risk of muscle weakness in men (P ¼ .003; Table 4 ). Men in "biscuits and snacking" and "pasta" clusters were at higher risk of muscle weakness compared with men in the "healthy" cluster (HR 3.3; 95% CI 1.6e7.0 and HR 2.1; 95% CI 1.2e3.7, respectively). Men in the "biscuits and snacking" cluster were also at higher risk for low energy expenditure compared with men in "healthy" cluster (HR 2.3; 95% CI 1.2e4.6) while the global test was not statistically significant (P ¼ .13). In contrast, no association between all dietary clusters and each frailty component were observed in women.
Discussion
Our findings indicated that compared with participants in the "healthy" cluster characterized by higher consumption of fish in men and fruits and vegetables in women, men in the "pasta" cluster characterized by frequent consumption of starchy food (pasta, rice, potatoes, bread) and women in the "biscuits and snacking" cluster characterized by frequent consumption of biscuits and cakes (rich in mono-and disaccharides) and low intakes of fruits, vegetables and fish were at higher risk of frailty over the 12-year follow-up.
To our knowledge, only two population-based studies have been conducted to examine the relationships between a posteriori dietary patterns and frailty so far. Among 1872 noninstitutionalized Spanish older adults aged 60 years and over, León-Muñoz et al 15 identified a "prudent" pattern, characterized by high intake of olive oil and vegetables, and a "Westernized" pattern, characterized by high consumption of refined bread, whole dairy products, and red and processed meat, as well as a low intake of whole grains, fruit, low-fat dairy, and vegetables. They found an inverse dose-response relationship between higher adherence to the "prudent" pattern and a frailty risk after 3.5 years of follow-up; whereas the "Westernized" pattern was not associated with incident frailty. However, the "Westernized" pattern was associated with an increased risk of slow walking speed and weight loss whereas the "prudent pattern" was not associated with frailty criteria. In a 4-year study including 2724 Chinese community-dwelling volunteers aged !65 years, Chan et al 16 identified three dietary patterns, namely "vegetables-fruits," "snacksdrinks-milk products," and "meat-fish," using factor analysis but they failed to show an association with incident frailty. These previous studies used factor analysis whereas our research was based on cluster analysis; furthermore, a posteriori statistical methods derive dietary patterns that are specific to populations and thus, comparison of our findings with these studies is difficult. Compared with the "healthy" cluster, men in the "pasta" cluster had higher risk for frailty and for muscle weakness in our secondary analyses. This frailty component may explain by itself a large part of the association observed with risk of frailty in men. These findings are consistent with our previous cross-sectional results, in which men in the "pasta" cluster had poorer self-rated health and higher depressive symptoms, 18 which are strong risk factors for frailty 27, 28 and particularly for muscle weakness. 29, 30 These factors could also lead to a potential reverse causality bias even though we excluded participants frail at baseline. No evident mechanistic hypothesis could be formulated to explain this relationship. Women in the "biscuits and snacking" cluster were at higher risk of frailty and men in this cluster had higher risk of isolated frailty components (ie, weakness and low energy expenditure). One study showed that products rich in simple carbohydrates were correlated with inflammatory biomarkers. 31 Epidemiologic studies reported significant associations between inflammation biomarkers and loss of muscle mass and strength, poor physical performance, and frailty. 32e34 Both leukocyte migration and inflammation cascade activation and monocyte/macrophage-mediated immune-inflammation would contribute to frailty. 35 Fruits and vegetables are rich in carotenoids, protective against proinflammatory mechanisms implicated in sarcopenia. 6 Literature also reports that low levels of carotenoids were related to poor muscle strength and performance. An analysis of three prospective cohorts of community-dwelling older European adults, including the 3C cohort, has shown that consumption of fruits and vegetables was associated with lower shortterm risk of frailty in a dose-response manner, and the strongest association was obtained with 3 portions of fruits/day and 2 portions of vegetables/day. 7 Our findings suggest that physical decline assessed by frailty as a whole is summarized by the co-occurrence of different frailty criteria in women and is not imputable to an isolated marker of frailty. An absence of association of dietary patterns with any single frailty criteria but a relationship with the global frailty score strongly supports the relevance of a global approach of frailty using a single end point. This is in line with our previous findings about the association between Mediterranean diet adherence and the risk of disability (ie, consequence of frailty), 39 where we evidenced a protective role of the Mediterranean diet against the risk of disability among women. The reasons for a different pattern of associations in men remain unclear. It is possible that diet is more strongly associated with muscle weakness among men than women because men have a higher muscle mass and, thus, more variability in muscle strength than women (potentially leading to more statistical power to evidence associations in men). The present study has some limitations. The incidence of frailty may seem low. However, low conversion rates were expected in our sample, which included participants in generally good health at baseline. Indeed, to avoid reverse causality (that may have occurred if frail individuals modified their diets), we excluded participants at higher risk of frailty at baseline (ie, individuals with dementia). In both men and women, nonfrail nondemented participants were younger and more likely to be married; they have higher education level and income, reported more likely 2 or more chronic diseases, and have better cognitive performance than other participants. Furthermore, 748 nonfrail nondemented participants at baseline were excluded because of a lack of follow-up data. Participants included in the analysis were younger, more educated, had higher income, and had better cognitive performance than those with no data for frailty at follow-up visits. Dietary clusters were built based on intake frequencies of major food groups that may not accurately reflect portion size and is subject to a desirability bias. However, there is acceptable correlation with data from 24-hour recall in the same subsample. 40 Diet assessment was done at a single time point, and we cannot preclude that participants may have changed their dietary habits during the follow-up. However, we have found a good stability of general dietary habits (eg, intake of fruits, vegetables, fish, meats) over the cohort follow-up (ie, 10 years) in the 3C Bordeaux Study. 41 Moreover, several frailty criteria were self-reported, which might have led to underestimation of the number of incident cases of frailty. Because of lack of measure of walking speed at each wave, we defined slowness using the Rosow-Breslau scale that has been shown to be strongly associated with walking 22 to reduce the risk of a misclassification bias. Furthermore, we were unable to use the same measure of weakness in wave 4 (based on handgrip strength) than in waves 0 and 5 (based on chair stand test). However, chair stand test was shown to be a good proxy for handgrip strength. 23, 24 We, however, cannot preclude a persisting misclassification bias that may lead to an underor overestimation of frailty incidence. The competing risk with mortality may have led to the underestimation of frailty incidence because our data are interval-censored. 42 Nevertheless, dietary clusters were not associated with high mortality risk in this sample suggesting that the competing risk with mortality was limited in this analysis (data not shown). Low sample size in men may limit the power of statistical test. Finally, adjustment for potential confounding factors does not preclude for residual confounding, although we adjusted the present analyses for global cognitive performances and depressive symptomatology, both being associated with a higher risk of frailty. 28, 43 The main strengths of our study are the length of the follow-up (up to 12 years) compared with the two available prospective studies to date; the community-dwelling population-based design of our sample; the use of an innovative approach with a mixed clustering strategy to identify dietary clusters; and comprehensive adjustment for several confounders, especially cognitive performance and depressive symptomatology.
Conclusions
Among community-dwelling older French adults, some particular sex-specific unhealthy dietary patterns appeared associated with a higher long-term risk of frailty. The present study provided additional evidence that attention should be paid to nutritional habits of elderly people to help them maintain optimal health and foster successful aging. Focused nutritional preventive programs, combined with strategies against poor health characteristics, may delay the onset of frailty and of its severe consequences.
